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INSTRUCTIONS FOR COMPLETING THE INVENTION REPORT 

This Invention Report form is used in cases where an invention has been made by an 
employee of the Company. This Invention Report is confidential. Only the Patent 
Department may make copies of signed Invention Reports in order to request opinions or 
reply to the inventor(s). 

The inventor completes the Invention Report and the description of the invention. The 
inventor does not fill in the "invention Report received' field. This field is filled in by the 
Patent Department. The Invention Report must have the names of all the inventors and 
their home addresses. If there is not enough space for all the names, -addresses etc, 
please write them on a separate attachment. The first mentioned inventor is assumed to 
be the contact person in matters concerning the Invention Report. In the fields of office 
address, phone and fax, please fill in the contact person's information. Fill in the project 
field, if the invention is made in a project. The original Invention Report is signed by all 
inventors. Each page of the original Invention Report is signed by a Manager. In case it 
is difficult to obtain Manager's signature your Patent Department will take care of it. 

It is suggested that the Invention Report and the description of the invention should be 
filled in as thoroughly as possible. If drawings or other kind of information cannot be 
attached to this form, they should be delivered separately. 

The signed Invention Report is given directly to the local or business unit's Patent 
Department. Invention Report should also be sent by E-mail to the Patent Department. 
The Patent Engineer will inform the inventor of receiving the Invention Report. The 
Patent Engineer will obtain any expert opinions needed to properly evaluate the 
invention, will procure the Company's decision and inform the inventor accordingly. 
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DESCRIPTION OF THE INVENTION 

Please, describe your invention in the following order. You can enclose the drawings on a separate 
document. 



1. Field and background of the invention 

Modem telecommunications systems transmit, receive, store and retrieve ever increasing amouts of data. 
The transmission of information between integrated circuits (IC) in complex systems requires that the 
signaling scheme and input-output (I/O) circuitry 

• is capable of high speed operation 

• generates little disturbances 

• is tolerant to interferences 

• consumes little power 

• occupies little area 

Furthermore, it would be highly desirable from the usability point of view that the scheme and circuitry 
would 

• support different supply voltages in the transmitter and receiver 

• be backward and forward compatible 

• be capable of multimode operation 

Commonly used CMOS digital signaling using single-ended voltage mode signals with rail-to-rail levels 
and fast edges generates lots of disturbances and interferences, and can limit the maximum usable data 
rates or seriously affect the performance of the system. The disturbances are especially detrimental in 
radiocommunications systems, where the analog signals can be extremely weak. 

One way to reduce the generation of disturbances is to use analog signaling between ICs. This, however, 
means that both the transmitter and receiver ICs have to contain analog circuitry, e.g. ADCs and DACs. 
The incorporation of any analog circuitry in otherwise digital ICs is problematic, because digital ICs are 
usually implemented in highly optimized digital processes. In . these digital deep sub-micron CMOS 
processes 

• maximum supply voltages are going down 

• analog properties of active devices, such as noise and early voltage, are getting worse and worse 

• variety of available devices is limited, especially passive devices are available only with expensive 
extra process steps 

Analog signaling and the associated analog circuitry (e.g. ADCs/DACs) in digital ICs may lead to 
prohitively large area and power hungry solutions. Furthermore, implementing analog or mixed signal 
circuitry on large digital ICs 

• makes design and testing more difficult, time consuming and expensive 

• and therefore increases risks and delays 

Moreover, the price per silicon area in deep sub-micron CMOS processes is getting higher all the time. As 
the area of analog circuitry does not scale down at the same rate, analog circuitry on digital ICs is getting 
increasingly expensive. 

From the above one can derive that 
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• it is often advantageous that large digital ICs contain only digital circuitry 

• RF, analog and mixed signal circuitry should be placed in a separate chip implemented with a 
more appropriate process technology 

• signaling between ICs should be optimized instead 

Therefore is of utmost importance to develop efficient and preferentially signaling schemes, which allow 
optimal system partitioning. 

2. A summary of the invention 

This invention report describes multimode I/O circuitry supporting low interference signaling 
schemes for high speed digital interfaces between ICs in for example mobile communications 
systems. The proposed I/O circuitry supports single-ended and differential current mode, low swing 
voltage mode and CMOS signaling, and the operation mode of the presented receiver and transmitter 
circuits can be selected with a few control bits. The proposed I/O circuitry utilizes only standard MOS 
transistors and can therefore be implemented using any CMOS or BiCMOS technology. 

From the interference point of view probably the best signaling scheme is differential current mode 
signaling. The proposed I/O circuitry supports this preferred mode of operation, but both the receiver and 
transmitter circuitry can also be used with for example existing CMOS level I/O circuitry, which is important 
from point of view of compatibility with existing and emerging systems. For example, a receiving IC 
equipped with the proposed receiver I/O circuitry (say DCT5 BB IC) could communicate with transmitting 
circuits from the same (DCT5 EM IC) or different generation (say DCT4 EM IC). 



3. Describe the problem which the invention overcomes 

The general problem is how to transmit increasing amounts of data between ICs without compromising or 
deteriorating the performance of the systems with the interferences and disturbances associated with high 
speed digital data links. 

The invention overcomes the following specific technical problems 

• Compatibility issues: The proposed I/O circuitry supports single-ended and differential current 
mode, low swing voltage mode and CMOS signaling, and the operation mode of the presented 
receiver and transmitter circuits can be selected with a few control bits. Therefore systems could be 
made up of ICs from different generations. 

© Interference issues: The proposed differential current mode signaling has less disturbances and 
interferences than the commonly used CMOS digital signaling using single-ended voltage mode 
signals with rail-to-rail levels and fast edges. 

• Partitiong issues: The proposed low interference signaling scheme enables digital signaling 
between ICs, even in radio communications systems containing extremely weak analog signals, 
and therefore helps system design by allowing more optimum system partitioning. 

4. How was the problem solved earlier? 

I/O cells usually support only one type of signals, for example single-ended CMOS signals. Some existing 
I/O cells can be used as transmitters or receivers to support bi-directional signaling. 

Systems often utilize digital signal links with voltage mode single-ended signals having rail-to-rail levels 
and fast edges. This kind of signals generate lots of disturbances and interferences. 
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High speed signals are sometimes transmitted in analog form. This requires that digital ICs contain analog 
circuitry and may lead to non-optimal system partitioning. 



5. How does the invention improve earlier solutions? Advantages and disadvantages of 
the invention? 

The proposed I/O circuitry supports single-ended and differential current mode, low. swing voltage mode 
and CMOS signaling, and the operation mode of the presented receiver and transmitter circuits can be 
selected with a few control bits. Therefore ICs equipped with the proposed I/O cells could be configured to 
communicate with circuits having different signaling schemes and thus systems could be made up of ICs 
from different generations. 

The proposed I/O circuitry supports differential current mode signaling which generates less disturbances 
and interferences than the commonly used CMOS digital signaling using single-ended voltage mode 
signals with rail-to-rail levels and fast edges. This low interference signaling scheme enables digital 
signaling between ICs, even in radio communications systems containing extremely weak analog signals, 
and therefore helps system design by allowing more optimum system partitioning. 

In general, differential signaling schemes have the disadvantage of requiring two wires per signal link. 
This, however, mayby partially offset by the fact that differential links can support higher data rates. 

The proposed multimode I/O circuitry requires some extra area. However, often I/O cells contain wide 
peripheral power supply buses and the standard I/O buffering is usually placed under them. Often there is 
extra space under the power supply buses, so the proposed circuitry may fit into the normal I/O cells. 



6. Brief description of the drawings (Please enclose drawings and figures of the invention 
on a separate document) 

• Figure 1 shows an example of the. main integrated circuits and signal types in a mobile terminal. 
The subject of this invention report is the signaling between the circuits, and the associated l/O- 
cells. 

• Figure 2 shows the backward (and forward) compatibily requirement, which is a necessary 
precondition for new signaling schemes. 

• Figure 3 shows the proposed l/O-circuitry capable of multimode operation. 

• Figure 4 shows the preferred mode i.e. differential current mode signaling scheme. 

The following figures show how the proposed l/O-circuitry can be configured with switches to support a 
variety of signaling schemes. 

• Figure 5 shows how the proposed circuitry can be used as two single-ended links or a single 
differential link, both in either current mode, low swing voltage niode or CMOS mode. 

• Figure 6 shows how the proposed l/O-circuitry can be used to implement two single-ended CMOS 
level (rail-to-rail swing) signal links, when the supplies of the transmitter and reveiver.are equal. In 

. thjs mode both the receiver and transmitter can work with normal CMOS l/O-cells. 
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• Figure 7 shows how the proposed l/O-circuitry can be used to implement two single-ended CMOS 
level (rail-to-rail swing) signal links, when the supply of the transmitter is lower than that of the 
reveiver. NMOS transistors in series with the outputs of the transmitter stop conducting before the 
output voltages reach the positive supply of the transmitter and thus they protect the output 
transistors of the transmitter. The voltages across the terminals of these protection NMOS 
transistors are so low that they are not damaged. The NMOS transistors also prevent direct current 
flow between the positive supplies of the transmitter and receiver through the regenerative pull-up 
transistors. Regenerative pull-up with a weak transistor is used in the receiver to ensure sufficient 
signal level. 

. Another way to deal with the difference in the supply voltages would be to bring the lower supply 
voltage of the transmitter to the receiver with an extra wire and use this lower voltage in the I/O 
cells of the receiver. 

• Figure 8 shows how the proposed l/O-circuitry can be used to implement two single-ended CMOS 
level (rail-to-rail swing) signal links, when the supply of the transmitter is higher than that of the 
reveiver. NMOS transistors in series with the inputs to the receiver stop conducting before the input 
voltages reach the positive supply of the receiver and thus they protect the input transistors of the 
receiver. The voltages across the terminals of these protection NMOS transistors are so low that 
they are not damaged. The NMOS transistors also prevent direct current flow between the positive 
supplies of the transmitter and receiver through the regenerative pull-up transistors. Regenerative 
pull-up with a weak transistor is used in the receiver to ensure sufficient signal level. 

Another way to deal with the difference in the supply voltages would be to bring the lower supply 
voltage of the receiver to the transmitter with an extra wire and use this lower voltage in the I/O 
cells of the transmitter. 

• Figure 9 shows how the proposed l/O-circuitry can be used to implement two single-ended current 
mode signal links. The receiver is configured to two transimpedance amplifiers. CMOS 
transmission gate is used to implement the feedback resistor. 

• Figure 10 shows how the proposed l/O-circuitry can be used to implement a single differential low 
swing voltage mode signal link. The input drive is single-ended. Resistive load is used in the 
receiver to limit the signal swing. CMOS transmission gate is used to implement the load resistor. 
This resistor also sets the input common mode voltage. 

© Figure 1 1 shows how the proposed l/O-circuitry can be used to implement a single differential low 
swing voltage mode signal link. The input drive is differential. Resistive load is used in the receiver 
to limit the signal swing. CMOS transmission gate is used to implement the load resistor. This 
resistor also sets the input common mode voltage. 

• Figure 12 shows how the proposed l/O-circuitry can be used to implement a single differential 
current mode signal link. The input drive is single-ended. The receiver is configured to one 
transimpedance amplifier. CMOS transmission gates are used to implement the feedback resistors. 
Another CMOS transmission gate is used to set the output common mode voltage. 

• Figure 13 shows how the proposed l/O-circuitry can be used to implement a single differential 
current mode signal link. The input drive is differential. The receiver is configured to one 
transimpedance amplifier. CMOS transmission gates are used to implement the feedback resistors. 
Another CMOS transmission gate is used to set the output common mode voltage. 
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7. A more detailed description of the invention (if known at the moment) 



The proposed I/O cells, one transmitter and one receiver cell, which can form two single-ended links or 
one differential link are shown in figure 3. The various modes which these I/O cells support are shown in 
figures 6 to 13. A short description of each mode is given in section 6 of this document. 

The proposed differential current mode signaling scheme is shown in figure 4, and the operation of this 
scheme is described here in more detail. 

The transmitter is composed of two constant current sources (ibiasl) and four switches directing the 
current. The signal link between. ICs is composed of two adjacent wires. The receiver is composed of a 
differential transimpedance amplifier biased with constant current source (ibias2). Both the transmitter and 
receiver circuits are made up of standard MOS transistors only, as shown in figure 3. 

In the transmitter the input signal controls the direction of the current flow in the signal wires by controlling 
the four switch transistors. The current from constant current source ibiasl is steered from one branch to 
another. 

In the signal wires the currents have equal magnitudes but opposite directions, so the magnetic fields 
around the wires cancel each others in a short distance. 

The receiver is a differential transimpedance amplifier composed of an amplifier and MOS feedback 
resistors in a shunt-shunt configuration. The differential input current is converted to a differential output 
voltage in this transimpedance amplifier. The input impedance of the transimpedance amplifier is very 
small, so the signal swing in the input, and therefore also in the whole wiring between the ICs is small. 

The proposed scheme has the following advantages 

• current drawn from the supplies in the transmitter is constant, ibiasl. This constant current is just 
steered from one branch to another. This way the transmitter causes minimal disturbances in the 
supply lines and substrate. 

• . current drawn from the supplies in the receiver is constant, ibias2, so the receiver transmitter 

causes minimal disturbances in the supply lines and substrate. 

• differential signaling in two adjacent wires radiates little electromagnetic disturbances. Signal swing 
in the wires is small, so capacitive coupling is low, and inductive coupling is low as well, because 
fields around differential wires cancel each other in a short distance from the wires. 

• externally generated disturbances cause mainly common mode signal, differential signals are only 
caused by mismatches. 

• differential wiring has lower inductance than the combination of one signal wire and a common 
return wire (often ground) owing to the mutual inductance. This reduces ringing in the signal lines 
and thereby improves noise margin and reduces timing errors. 

8. Explain, how the invention is/can be implemented. Which would be the best mode of 
implementation? 

The proposed I/O cells can be implemented using low quality MOS transistors, no other active or passive 
devices are needed. Therefore the scheme can be implemented in all analog, digital or mixed signal 
integrated circuits using digital or analog CMOS or BiCMOS technologies. 
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9. Explain how we can recognise if a competitor is using the same product/feature? 



The recognition of the proposed I/O-circuitry is difficult, visual inspection with a microscope may be the 
only way. 



10.1s it planned to use the invention in a Nokia product? If so, when and in which product? 
Is the invention standard related? 

The invention is in idea phase but could be a potential solution for the signaling between ICs. The idea will 
probably be tested in a test circuit. 

11. Abbreviations 

analog-to-digital converter 
digital-to-analog converter 
integrated circuit 
input-output 



ADC 
DAC 
IC 
I/O 



12. Any further comments 

All the presented signaling schemes, including differential current mode and low swing voltage mode 
signaling schemes are well known. Likewise are the good properties of the differential current mode and 
low swing voltage mode schemes. 

The focus here is to present simple l/O-circuitry capable of multimode operation and supporting these 
favourable schemes. Multimode operation is important from the backward and forward compatibility point 
of view. 
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Code of invention: 
Opinioner: 



Esa Malo 



1. What device and product does the invention relate to? 



The invention relates to all CMOS and BiCMOS ASIC devices. 



2. What is the crystallization of invention? (What has been invented? 
Brief description of the key inventive feature(s)) 

Multimode I/O circuitry supporting many different digital data transfer 
protocols. 



3. 



Is the invention new? YES/NO 

If NOT new, invention is known from ... 



Different dual mode and multimode I/O structures have been proposed earlier, 
but the ones I have seen have combined single mode structures with 
multiplexing possibilities (like for example DEMO-SAFARI specification). 

This proposed solution combines many different modes to one receiver and one 
transmitter structure. 
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4. Outline the merits of the invention over previous solutions? 

This invention makes it more economical (smaller total silicon area) to 
implement multimode I/O structures compared to combination of several 
different single mode I/O structures. It also provides a universal CMOS based 
solution requiring no external components (compared to SUBLVDS) or 
integrated resistors. 



5. What is the rating of invention? Denote with letter S after the rating value 
that the invention is a standard related. 

5 = key strategic value (reads on the standard specification) 

4 = significant (only commercially viable solution or very high potential for standard specification) 

3 = moderate (difficult to design around or high potential for standard specification) 

2 - modest (easy to design around or modest potential for standard specification) 

1 = minor (lot of alternative implementations) 

0 = none (not any interest to NOKIA, not patentable) 

Rating: 2 



Other comments relating the business meaning of the invention? 

This invention makes it easier to combine devices with different power supply 
voltage or different data transfer protocol. 

The final economical value can be evaluated after more detailed I/O structure 
design (size, power consumption, speed). 



6. Suggestion to file or not to file a patent application and why? 

If this idea is not already patented, it might be a good idea to file an application. 
If the detailed design shows that this solution gives clear economical benefits, 
many IC vendors might be interested in this invention. 
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7. Other comments? 



8. Evaluation will be sent to the inventor(s). Is it allowed to let inventor(s) 
know your name? (YES/NO) 



yes 



Date and signature 19.4.2001 Esa Malo 



When complete, please return to: 
Tiina Ojala 
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EXHIBIT C 
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The purpose of the switches SI to S12 : . 7^ 

- SI can be used to connect the gate of the PMOS (NMOS) transistor 
in the tail of the differential pair of the transmitter to ground 
(VDD1) . This way the PMOS (NMOS) transistor turns from a current 

source to a small resistance, and therefore the double differentia 
1 pair is effectively transformed to two separate inverters, as sh 
own in for example Fig. 6. ' , , 

- S2 can be used to connect the input i2 to a dc voltage, which is 
somewhere near the midway between the positive and negative su ppl 

ies (the exact value is of no importance) . This way a single-ended. 

input , signal can drive the double differential pair, as shown m i 
for example Fig. 10. , 

~r S3 can be used to connect a feedback resistor (compased or a LMU 
S transmission gate) between the inputs and outputs of the receive 
r, as shown in for example Fig. 9, This way the receiver turns fro 
m a voltage amplifier to a trans impedance amplifier with low input 
impedance and low input signal swing. 

- S4 and S5 are extraneous and not used for anything- They are (ac 
cidental) left-overs from a mode which was removed, and therefore 
S4 and S5 should have been removed as well. 

- S6 can be used to connect a resistor (compased of a CMOS transmx 
ssion gate) in the input of the receiver to a dc voltage, which is 

somewhere n^ar the midway between the positive and negative _ suppl 
ies (the exact value is of no importance). This reduces the imput 
impedance and the signal swing in the input of the receiver. 

- S7 can be used to connect the gate of the PMOS (NMOS) transistor 
in the tail of the differential pair of the "receiver to ground (V. 

DDI) - This way the PMOS (NMOS) transistor turns from a current sou 
rce to a small resistance, and therefore the double differential p 
air is effectively transformed to two separate inverters, as shown 
in for example Fig. 6. 

- SS can be used to connect the gate of the PMOS , which is between 
the input of the receiver and VDD2 , to the output of the receiver 

, as shown in for example in Fig. 7. This way the PMOS starts to a 
ct as a regenerative load and therefore can pull the output of the 
receiver all the way up to the positive supply VDD2 . 

- S9 can be used to connect the gate of the PMOS , which is between 
the input of the receiver and VDD2 , to VDD2, as shown in for exam. 

pie in Fig. 9. This way the PMOS is shut down and no longer acts a 
s a regenerative load, u 

- S10 is extraneous and not used for anything. Xt is an (accidenta 
1) left-over from a mode which was removed, and therefore S10 shou 
Id have been removed as well. 

- Sll can be used to bypass the NMOS transistors in series with th 
e outputs of the transmitter- The series NMOS transistors are used 

to protect the transistors of the transmitter when the supply vol. 
tage of the receiver is higher than that of the transmitter, as sh 
own in Fig. 7. If the supply voltages of the transmitter and the r 
eceiver are the same, the series NMOS transistors can be bypassed, 

as shown in for example Fig . 6 - 
- S12 can be used to bypass the NMOS transistors in series with th 
e inputs of the receiver- The series NMOS transistors are used to 
protect the transistors of the receiver when the supply voltage of 

the transmitter is higher than that of the receiver, as shown in 
Fig. 8. If the supply voltages of the transmitter and the receiver 



Page 1 



signalling_comments . txt S"=)2 .0» 60 ^ 

are the same,, the series NMOS transistors can be bypassed, as sho 
wn in for example Fig. 6. 

The purpose of the input nodes il and i2 : 

The transmitter can be used as a single differential transmitter, 
as shown in for example in Fig. 10, or two single-ended transmitte 
rs, as shown in for example in Fig. 6. In the former case thempu 
t i2 can be connected to a dc voltage with S2 and the input signal 
is connected to input il. In the latter case both the inputs il a 
nd i2 are used and are connected to two different input signals. 
Fig 4 is more conseptual in nature, the actual mode is depicted l 
n Fig. 12 or Fig. 13. In the former figure the input is driven sin 
gle-ended mode (simpler), whereas in the latter fxgure the input l 
s driven differentially (symmetrical) . 

The operation of switches SI to S12 : 

Sx = 1 means that Sx is conducting (almost short circuit) , and Sx 
= 0 means that Sx in non-conducting (open circuit) . 
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